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'i'lio  wci'k  under  Grant  do.  Ai’GGIi  77-3^-*C7  durl.np  the  period 
1  Septer.ber  1977  to  30  fenter.ber  1931^  has  been  devoted  to  ezperi- 

i ' 

mental  studies  of  middle-latitude  pcomarr.etlc  p-ulsations  in  the 
period  Tanpe  0.2  to  50  minutes.  The  principal  effort  has  been  on 
the  resonant  periods  of  the  pulsa.tions  which  arise  from  hydromap- 
netic  resonances  in  the  mannetosphere .  The  resonant  periods 
appear  as  peaks  in  the  period  distributions  and  frequency  spectra 
of  the  pulsations. 

Many  papers,  both  e.xperir.ental  and  theoretical,  have  been 
published  on  this  subject  over  the  past  thirty  years  by  a  number 
of  different  Investigators.  Ho lr.be rn  (1951)  first  sucpested 
h.ydromiacnetic  resonance  as  a  source  of  the  pulsations  to  account 
fc.-’  the  peaks  at  about  20  and  70  seconds  in  the  period  distribu- 
tlon.s  of  pulsations  recorded  at  Hskdalenuir ,  Scotland.  In  the 
pre-satellite  era,  the  resonances  were  attrlbutcfd  to  t)ic  iono¬ 
sphere,  Resonance  along  magnetic  field  lines  has  since  become 
the  favcred  hypothesis  to  explain  the  quas  1-slnusoidal  waveform.s 
often  oLS'.'rved.  The  theory  was  first  applied  to  the  ionosphere 
<Kato  and  V.'atanabc.  1955)  and  then  to  the  magnetosphere  (Obayps'.-.l 
and  Jaccos,  1958).  The  polarisation  of  pulsations  observed 
simultaneously  at  geomagnetic  conjugate  points  provided  the  first 
conclusive  evidence  for  a  magnetospheri c  source  of  the  pulsations 
(Sugiura ,  1981).  Many  later  obstjrvatlons  have  conflrriod  tire 
exlstencv?  of  star:dlng  waves  in  tlie  magnetosphere,  and  magneto- 
spheric  resonance  has  becor.e  firmly  established  as  a  major  source 
of  the  pulsations.  The  nature  of  the  resonant  mecbianlsm,  however, 
has  been  much  less  certain.  scinmifiCRESEAWiH  (itrsci 
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A  n:K'nl  c  iicrim  uT  iv;;oiiaiiL  i‘(?riu(la  J.::  j.rodlct'jcJ  by  the 
fielii-linc-resonance  hypotheoiG  i/hich  Is  the  only  physical  mechan¬ 
ise  that  has  been  proposed  up  to  the  present  time.  The  observa¬ 
tional  data  that  have  accumulated  over  the  years  have  been  incon¬ 
clusive;  there  has  been  some  supportive  evidence  and  some  contra¬ 
dictory  evidence.  Of  the  studies  that  have  been  unfavorable, 
none  has  covered  a  v/ide  enouch  period  ranee  to  present  a  recog¬ 
nisable  pattern  of  resonant  periods  as  an  alternative  to  the 
harmonic  series.  Under  these  conditions,  the  field-llne-resonar.ee 
hypothesis  has  become  firmly  entrenched,  and  its  acceptance  has 
become  self-reinforcinp.  Published  data  that  have  not  supported 
the  hypothesis  have  been  ignored  or  forgotten,  and  more  recent 
observutional  data  have  been  examined  only  in  the  light  of  the 
hypothesis.  Some  data  that  have  not  supported  the  hypothesis 
have  been  discarded  without  publication  and  without  any  serious 
attempt  to  determine  whether  they  might  furnlsii  any  definitely 
contradictory  evidence. 

The  resonant  periods  of  the  pulsations  analyzed  under  this 
grant  have  consistently  formed  geometric  progressions  in  the 
period  range  0.2  to  6  minutes.  Two  nlghttl.Tie  data  samples  record¬ 
ed  during  large  magnetic  disturbances  and  two  daytime  samples 
recorded  during  lov/  to  moderate  disturbance  levels  have  been  anal¬ 
yzed.  The  results  are  sufficiently  comprehensive  to  be  in  clear- 
cut  disagreement  with  a  harmonic  series  of  resonant  periods.  Ho 
theoretical  explanation  for  the  geometric  progressions  has  yet 
been  devised.  It  is  clear,  however,  that  the  field-line-resonance 
hypothesis  cannot,  at  present,  be  considered  to  be  established  as 
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the  explin'it.ion  for  the  rt.-ir.netonhperic  resonances  observed  at 
nlddle  latitudes. 

The  present  work  utilizes  '’’polarization  traces""  which  provide 
continuous  displays  of  the  nolarizatlon  of  the  pulsations  in 
selected  period  bands.  Th;is  analysis  technique  was  conceived 
scc;e  tlrr.e  a^;o.  The  early  studies  established  that  hydrcnapnetic 
(HM)  waves  were  frequently  observed  throuchout  the  0.2  to  50 
minute  period  ran^e  and  that  waves  of  several  different  periods 
were  often  observed  simultaneously  during  both  magnetically  quiet 
and  disturbed  Inte rvals , ( Kan le  and  Frey ,  196?;  Frey .  1969) •  That 
effort  was  terminated  before  the  potentialities  of  the  technique 
had  been  exploited,  and  the  early  results  were  not  v/ideiy  disser.- 
inated.  Sor.3  of  the  original  data  have  been  resurrected  for  the 
Initial  work  under  this  crant,  and  the  analysis  technique  has  been 
extended . 

II.  THE  DATA  OF  l8  APRIL  I9C5 
Th'  12-hour  data  sample  (0000  to  1200  E3T)  was  recorded  at 
Strawberry  Hill,  Hass.,  geomagnetic  latitude  +5‘t°-  Three  compon¬ 
ents  of  the  pulsations  (north-south,  east-west,  and  vertical)  v/ere 
recorded  on  7-track,  f-m  tape.  The  induction  coll  sensors  used 
provided  a  linear  response  in  9B/^t  throughout  the  period  range 
of  Interest.  The  interval  0000  to  0600  EST  during  the  large  mag¬ 
netic  storm  of  18  April  1965  (naxlnum  Kp  =  8-)  was  one  of  the 
"auroral-oval  Intervals"  (A-0  intervals)  identified  by  Hanle  et  al. 
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(197^^)  v.i'.en  the  Ctrawberi-y  Hill  ntation  was  inside  the  southern 
bounfiary  cC  the  expanded  auroral  oval.  The  larp;e-amplltuue  A-0 
retire  of  pulsations  observed  during  the  A-0  Intervals  was  distin¬ 
guished  fror;’.  the  "irid-iatitude "  (H-L)  reglr.e  of  pulsations  usually 
observed  at  the  station-  The  conditions  durlnp;  the  Interval  fror. 
0600  to  IZGQ  EOT  viere  not  typical  of  the  M-L  roF.ir.e ,  however, 
since  the  station  would  have  renained  out.side  the  plasmapause 
duri.nF  the  slow  refillinr  and  expansion  of  the  plasinasphere  after 
the  stoi'r. 


II.  A.  SELECTIO.u  OF  FILTER  PAGODAHDO 
The  first  evidence  of  the  natural  band  structure  of  the  pul¬ 
sations  ca.r.e  fror.  observations  of  bandpass-filtered  v/ave forr.s . 

The  orii'inal  broad-bandwidth  analog  tape  recordings  consisted  of 
a  linear  superposition  of  nany  short  wavetrains  whose  periods 
covered  a  very  wide  range.  The  superpositions  were  quite  promin¬ 
ent  in  tne  ^B/(^t  recordings  because  the  differentiation  emphasised 
the  shorter  periods  .and  thus  partially  compensated  for  the  Increase 
in  pulsation  amplitudes  with  increasing  period.  The  initial  in¬ 
tent  was  to  study  the  polarisation  of  the  pulsations,  and  filter 
passbands  about  one  octave  wide  were  to  be  used  to  effect  a  par¬ 
tial  separation  of  the  Individual  v/avetralns  for  this  purpose.  It 
was  soon  found  that  there  were  some  preferred  settings  of  the 
center  period  of  the  passband  for  which  very  few  cases  of  super¬ 


position  of  concurrent  wavetrains  wore  observed  in  the  filtered 


wave rorrr.'.r. .  V/hen  the  center  period  of  the  paasband  waa  shifted 
away  froi:'.  one  of  the  preferred  acttlnfs  by  about  a  "juarter  of  an 
octave  (toward  lon~er  periods,  for  example),  additional  (longer 
period)  wavetralna  would  appear  superposed  on  the  wavetralns  that 
had  previously  been  present.  As  the  center  period  was  shifted 
furti. or  i:;  successive  steps,  the  new  (longer  period)  wavetralns 
wcu?Ld  heoor/j  predominant,  and  a  new  preferred  setting  would  be 
reached  for  which  the  new  wavetralns  would  be  observed  with  very 
few  cases  of  superposition  of  the  previous  (shor'ter  period)  set 
of  wavetrair.s. 

The  filter  po.ssbands  to  be  used  for  the  polarization  analy¬ 
sis  were  therefore  m.atched  to  the  natural  band  structure  indicated 
by  the  preferred  center  periods.  The  nine  selected  passbands 
cover  the  period  range  Q.2  to  50  minutes.  They  are  numbered  A1 
through  A9  in  Figures  la  and  lb ,  and  their  nominal  cut-off  periods 
are  shown  by  the  C*s  at  the  bottom  of  the  plots.  (The  other  fea¬ 
tures  of  these  plots  will  be  discussed  later.)  The  minimum  v/idths 
of  the  passbands  were  constrained  by  the  requirement  that  adjacent 
passbands  should  share  a  common  nominal  cut-off  period.  Good 
coverage  of  the  entire  period  range  was  thus  ensured.  At  the 
nom.lnal  cut-off  periods  (l.e.,  the  periods  read  from  the  dials  of 
the  Kron-IIlte  variable-bandpass  filters),  the  filter  response 
curves  had  dropped  only  20^  below  their  peak  values.  At  their 
half-power  points,  the  passbands  were  appreciably  wider,  and  adja¬ 
cent  passbands  overlapped.  The  nine  passbands  cover  a  period  range 
of  more  thsn  seven  octaves,  and  the  narrowest  bandwidt.h  is  more 
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than  half  an  octave  In  width.  The  superposition  of  wavetralns 


was  not  completely  eliminated  in  these  comparatively  wide  pass- 
bands,  but  it  was  nreatly  reduced  by  the  selection  process.  The 
number  of  superpositions  of  concurrent  wavetralns  of  different  ' 

periods  was  m.uch  smaller  in  Hands  A7  and  aC  ,  for  example,  than  in 
an  intermediate  (non-selected)  nassband  of  comparable  width  whose 
cut-off  periods  would  correspond  to  the  center  periods  of  Bands 
A7  and  A6 .  A  similar  statement  would  apply  to  each  pair  of  adja¬ 
cent  bands,  althoufrh  the  cbservatlons  -were  less  clear-cut  for 
Bands  Al,  A2 ,  and  A3  for  which  comparatively  few  pulsation  cycles 
were  available  for  observation.  Any  slfnlficant  shifts  of  the 
center  periods  of  the  selected  passbands  produced  Increases  in 
the  nur.ler  of  superpositions  of  wavetralns  which  were  observed. 
Period  distributions  peaking  near  tl'.e  centers  of  the  passbands 
were  implicit  in  the  observations,  therefore,  even  before  the 
distributions  were  actually  derived  from  the  later  analysis. 

The  selected  filter  passbands  formed  a  fairly  regular  sequence 
with  the  ratio  of  adjacent  center  periods  being  a  little  less  than 
two.  Spot  checks  of  the  ratios  of  the  periods  of  the  pairs  of 
superposed  wavetralns  which  were  commonly  obnei’vod  in  interm.ediate 
(non-selected)  passbands  showed  that  the  most  common  value  of  this 
ratio  w'ls  also  a  little  less  than  two.  The  only  possible  expla¬ 
nation  for  these  results  was  a  regular  band  structure  in  the 
pulsati'jns  such  as  would  be  produced  by  a  series  of  low-Q  magneto- 
spherlc  resonances.  Vfhen  excited  by  a  broad-bandwidth  energy 
source,  tlic  output  of  each  resonance  would  consist  of  a  series  of 
wavetralns  in  a  band  centered  at  the  resonant  period,  the  width 
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of  thtj  bnrul  boinc  detorr.lned  by  :hc  Q  of  the  resonant  nechanlsrn. 
While  the  output  of  a  narrov;  filter  bandwidth  centered  on  one  of 
the  resonant  periods  would  show  only  one  pulsation  wavetrain  at 


any  elver:  tir.e,  the  bandv/idths  selected  for  the  analysis,  vrhose 
widths  v.ere  cor'iparable  to  the  spacing  betvreen  the  resonant  periods, 
would  scrietines  include  wavetralns  associated  witii  one  of  the 
adjacent  resonances.  A  passband  centered  between  tvjo  of  the 
resonant  periods  would  frequently  show  superpositions  of  pairs 
of  concurrent  wavetralns,  one  from  each  of  the  two  resonances. 


II.  D.  POLARIZATION  TRACLZ 

Plots  called  "polarisation  traces"  which  displayed  fne  pol¬ 
arization  of  the  pulsations  in  the  horizontal  plane  v;ere  used  to 
identify  the  individual  wavetralns  which  constitute  the  filtered 
waveforT.s.  The  X  and  Y  components  of  the  pulsations  were  process¬ 
ed  simultaneously  with  Identical  settings  of  Kron-Hite  variable- 
bandpass  filters  and  identical  simple,  low-pass  RC  circuits  which 
provided  integration  in  the  period  range  of  the  filter  passband. 
The  integrated  and  filtered  waveforms,  which  then  displayed  tire 
variations  of  13  rather  than  the  DB/^t  originally  obtained  from  the 
induction  coil  sensors,  were  recorded  on  7-track  f-m  tape  along 
with  a  rime  track  and  calibration  information  from  the  original 
tape.  The  waveforms  for  the  nine  selected  passbands  were  pro¬ 
cessed  on  an  analog  computer  which  produced  the  polarization 
traces.  For  detailed  analysis,  it  was  then  necessary  to  punch 
the  results  on  cards  for  processing  on  a  digital  computer. 
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A  srtctlon  of  a  polarisation  trace  is  shown  in  Figure  2.  (The 
exanpie  is  taken  from  the  data  of  2  :iay  1978  which  will  be  dis¬ 
cussed  later.  This  trace  is  more  rej^ular  than  tl.ase  derived  from 
the  wider  filter  passbands  used  for  the  18  April  I965  data.)  The 
azimuth  anple  of  the  manr.etic  vector  in  the  horizontal  plane  is 
computed  from  the  instantaneous  values  of  the  X  and  Y  components 
of  the  filtered  waveforms,  and  the  cumulative  azimuth  ancle  is 
plotted  in  90°  steps  as  a  function  of  time.  The  numbers  on  the 
ordinate  of  the  plot  are  com.plete  360°  rotations  of  the  vector. 
Each  vertical  step  shows  the  tlr.e  when  the  vector  chanced  quad¬ 
rants;  that  is,  when  it  passed  throuch  90°,  180°,  270°,  or  360°. 
The  horizontal  steps  then  show  the  times  that  the  vector  spent  in 
each  quadrant.  For  a  sinusoidal  wavetrain,  the  center  points  of 
the  horizontal  steps  would  lie  on  a  straipht  line  whose  slope 
would  Give  the  period  of  the  wave.  V/hen  stralcht  lines  are  fitted 
to  the  center  points  by  the  least-squares  r.ethod,  the  RMS  devia¬ 
tions  of  the  points  provide  measures  of  the  repularity  of  the 
waveforms  which  produced  the  trace.  Each  portion  of  the  trace 
which  has  a  ralnumum  lencth  of  one  complete  360°  rotation  of  the 
vector  and  yields  an  RMS  deviation  less  than  a  predoterm.ined  value 
is  called  a  "polarization  run".  The  computer  provides  the  period 
and  the  duration  of  each  run  which  identifies  one  of  the  many 
short  v;avetrains  that  constitute  the  filtered  waveforms.  The 
terns  wevetrain  and  polarization  run  (or  simply  run)  are  used 
synonymously  hereafter,  and  the  ?.encth  of  the  wavetrain  nay  be 
expressed  either  by  the  number  of  pulsation  cycles  or  by  the  num¬ 
ber  of  rotations  of  the  macnetlc  vector.  Four  polarization  runs 
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are  Indicated  in  r-’lrure  2,  and  one  oT  the  fitted  Dtralfrht  lines 
is  shown.  Tile  first  three  runs  have  a  positive  polarization  v.'hicn 
produces  an  Increase  in  the  nurober  of  rotations  and  indicates  a 
clockwise  rotation  of  the  r.ar.tiotic  vector  looking  downward  alonf 
the  positive  direction  of  the  field  lines.  The  fourth  run,  at  the 
ripiit,  has  a  nei'aLive  or  counter-clockwise  sense  o!’  polarization. 

In  previous  studies,  pulsation  periods  have  been  derived 
frorr.  sir.-le-conponent  recordings.  In  some  cases,  average  periods 
for  selected  tine  intervals  have  oeen  used,  but  this  elirr.inates 
much  of  the  detail  needed  to  form  period  distributions.  In  other 
cases,  individual  wavetralns  have  been  selected  by  inspection. 
Comparisons  of  the  X,  Y,  and  li  waveforms  (see  later  discussion) 
Indicates  that  the  H  waveforms  and  the  polarization  trace,  which 
also  combines  the  X  and  Y  components,  provide  a  better  basis  for 
the  selection  of  tJie  individual  wavetralns  than  eitiier  the  X  or  Y 
component  taken  alone.  The  computer  scaling  of  the  trace  also 
makes  the  selection  an  objective  one. 

Polarization  traces  for  the  nine  selected  paosbancs  are  shov.-n 
in  Figure  3  (nominal  filter  cut-off  periods  an  shown).  The  traces 
provide  legible  displays  of  the  polarization  of  the  pulsatlo.no 
over  extended  Intervals  of  time.  The  strong  positive  ox'  negative 
trends  persisting  for  a  nuriber  of  cycles  In  many  sections  of  the 
traces  provide  convincing  evidence  for  !iM  wave  activity  as  the 
source  of  a  large  percentage  of  the  pulsations  throughout  the 
period  range. 

The  compressed  time  scale  of  Figure  3  causes  an  increasing 
loss  oT  detail  in  the  traces  as  the  pulsation  periods  decrease. 
Each  trace  is  composed  of  many  polarization  runs.  Considering 
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all  ruriu  having  lonr.tha  of  om.'  rotation  or  more  of  the  rr-.a.-notlc 
vector  (;;  '1  l.C),  the  total  riurr.e-'r  of  runs  ranf'oa  fron  8  for  Band 
Al,  which  has  an  averare  pulsation  period  of  ^1  rrlnutes,  to  920 
for  Bam;  A9  with  an  averape  period  of  0.33  minutes.  For  the  nine 
bands,  the  averare  lenrth  of  the  runs  was  2  rotations,  and  the 
averaj-e  total  polarisation  (i.e.,  the  combined  tim.c  durations  of 
the  runs)  was  82;'  of  the  lenpth  of  the  polarisation  trace.  Of  the 
total  polarisation,  4^;?  was  accounted  for  by  runs  having  lenrshs 
in  the  i-ance  2.0  ^  R  -i  M.O,  lo;l  by  runs  with  .  0 ,  and  38,1  by 

runs  with  H  2,0.  The  siiort  runs  (R  c  2.0)  provide  important 
contributions  to  the  strong  clockwise  or  counter-clockwise  trends 
of  the  polarisation  traces  which  were  noted  above.  Thus  the  short 
runs  (or  at  least  a  iar.TC  |;ei-centanc  of  tlier:) ,  as  well  as  ti)e 


lonrer  r-uns  ,  are  attributed  to  k’l  wave  activity. 


durin.-  t 
Inc 


tatistlcs  of  th.e  nolsrisaciou  were  e.ssentlally  the  same 
A-0  interval  from  OCCO  to  C600  EOT  as  for  the  follow- 
terval  from  QcOO  to  1200  KRT.  Thei'e  v;ere  no  appreciable 


differences  in  the  averape  lonf.tl'.  of  the  runs  or  the  percentace 
of  time  occupied  by  the  cor.blned  durations  of  the  runs  durlnp  the 
two  intervals  with  only  one  exception.  For  Band  A3,  the  averare 
run  ler.'-th  was  1.9  rotations  for  the  A-0  interval  and  2.9  rotations 
for  the  Fi-L  interval. 
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The 


strcnc  clockwise  ti-enc  i'or  Bands  a8  and  A9  (periods 


shorter  than  AO  seconds)  durinp  the  A-0  interval  is  opposite  to 
the  predorr;inant  counter-clcckwise  trend  observed  for  this  period 
rancG  at  Strawberry  Hill  in  the  early  r.orninp;  hours  for  the  less- 
disturbed  M-L  regime.  Sar.son  et  al.  (1971)  and  Sarr.son  and  Ros tok¬ 
en  (1972)  show  that  the  sense  of  polarization  reverses  fro:.-,  clock¬ 
wise  at  hich  latitudes  to  counter-clockv.ise  at  lov/er  latitudes 
durinp:  the  rr.orninc  hours  and  that  tne  latitude  of  the  reversal 
decreases  with  decreasing:  pulsation  period.  Their  Pc3  polariza¬ 
tion  reversed  at  about  60^  ncorapnetic .  Durlnp  the  A-0  interval 


at  Stra 
southwa 


erry  Hill,  the  latitude  of  the  reversal  had  shifted 
with  the  auroral  oval  uourKiary  to  +5^°  or  less.  It  is 


possible  that  th.e  clockivise  j.ol;-. 


at  ion  in  Bar.d  A7  just  prior  to 


OiJCO 


.lar  ef.' 


The  nredor, inant  trend  for  Bar'.ds 


throupii  A6  (periods  longer  than  1  rr.lnutc)  is  counter-clockwise  in 
the  r.ornlnp  hours  in  acreenent  with  icany  previous  reports. 


A  peak  ill  puia.’ition  anplltaJi;  at  tlie  latitude  of  the  polari¬ 
zation  reveroal  was  noted  in  the  papers  cited  above  and  has  also 
been  predicted  thooretlcally  CicClay ,  1973;  hadcskl .  1974;  Chen 
and  Haserawa,  1974;  Southwood ,  19'^4).  liowever,  a  peak  In  the 
ar.plitudes  oT  the  A-0  pulsations  in  Bands  a6  and  A9  at  the  lati¬ 
tude  or  rtrawberry  Hill  is  not  to  bo  expected.  Maple  ot  al .  (1976) 
noted  that  for  any  level  of  marnetlc  disturbance,  the  ampli¬ 

tudes  in  this  period  ran, -30  at  Htrawberry  Hill  were  smaller  than 
the  correspondin,^  amplitudes  at  College,  Alaska,  reported  by 
Cambell  and  Matsushita  (1962). 


II.  C.  FILTERED  WAVEFORMS  AMD  POLAF.I NATION  RUNS 
The  pulsation  waveforms  have  been  examined  by  marking,  off 
the  times  of  all  the  polarizaticn  runs  identified  by  the  computer 
on  strip  chart  records  which  included  the  filtered  and  intecrated 

,  O  O’. 

X,  Y,  and  H  (  =  (X  +Y")‘^)  component  waveforms  alone  with  a  time 
trace.  Land  A9 ,  which  provides  920  runs  for  examination,  is  used 
for  this  discussion. 

The  succession  of  wavetrains  that  make  up  the  waveforms  are 
usually  most  clearly  observed  as  short  "amplitude  bursts"  in  the 
H  coTsponent.  The  occurrences  of  polarization  runs  havinp  lengths 
of  2  to  4  rotations  show  a  ceneral  ap;reemcnt  with  the  occurrences 
of  the  bursts,  but  there  is  not  a  one-to-one  relationship.  Runs 
loncer  th.at  4  rotations  usually  extend  over  2  (or  more)  am.plitude 
bursts.  There  are  also  some  "ceps"  between  runs,  i.e.,  sections 
of  the  polarization  trace  that  do  not  meet  the  criteria  for  runs. 
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There  are  u<j  very  lor.y  -aind  AO,  no  .^ap  io  lonror  than 

2  niruto;;,  and  only  ^  are  lonper  than  1  minute.  GT  the  A29  raps, 
273  (657 )  have  durations  of  less  than  0.3  minutes;  l.e.,  less  than 
the  average  pulsation  period  for  the  band. 

V.'hen  comparatively  isolated  amplitude  bursts  occur,  their 
durations  are  seldom  lon^^er  than  about  3  cycles.  Tne  amplitude 
of  a  typical  Isolated  burst  first  increases  and  then  decays;  the 
Initiation  of  the  burst  Is  not  im.pulslve.  The  occurrences  of 
successive  amplitude  bursts  is  quite  Irrefiiular,  and  there  is  no 
Indlcatlor.  of  the  "beatinp;''  v;hich  would  occur  if  two  closely  spaced 
frequencies  -were  present.  The  Independence  of  successive  bursts 
Is  often  Indicated  by  appreclabltr  differences  (lOr*  or  more)  be¬ 
tween  ti-.e  periods  of  successive  runs  and  by  the  fact  that  succes¬ 
sive  rur.s  r;ay  have  either  the  same  or  opposite  scr'.scs  of  polari- 
catior!. 

Successive  arolitude  bursts  are  not  usually  isolated  from 
each  other.  In  sore  cases,  the  start  of  a  new  polari.natlon  run 
clearly  coincides  with  the  boGihninf,  of  a  new  burst  which  appears 
before  the  previous  burst  has  decayed;  the  new  burst  becomes  domi¬ 
nant  after  an  Irregulaivity  in  tin?  waveforms  which  may,  or  may  net, 
cause  a  short  esp  between  the  end  of  one  run  and  the  start  of  the 
next.  In  other  cases,  there  is  no  clear  occurrence  of  a  new  burst 
at  the  start  of  a  new  run,  but  merely  an  Irrecularity  in  one  or 
both  of  the  X  and  Y  waveforms.  Polarisation  runs  less  than  2 
rotatiens  in  lenr.th  show  a  tendency  to  be  associated  with  small 
X  and/or  Y  amplitudes. 
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The 


v.-ave ;‘Gr'::.5  obner-ved  in  each  filter  pasebancl  are  conelatent 
with  t!'.o  eutrut  to  be  expe-cted  f oom  a  lovz-Q  resonant  mechanism 
excited  by  a  variable,  or oad-bar.'lv.’ldth  source  of  energy.  The 
polarisation  runs  are  produced  oy  a  series  of  independent  excita¬ 
tions  of  the  nechanlsrs  by  "Inpus  bursts”  corresponding  to  the 
"amplitude  bursts"  in  the  H  component  waveforms.  The  simplest 
input  bursts  would  be  bursts  of  energy  whose  spectra  peaked  at 
different  frequencies  In  tb.e  passband  to  account  for  the  varying; 
periods  of  the  runs.  Comparatively  larpe  shifts  in  the  peak  of 
the  frequency  spectrum  of  the  source  without  pronounced  changes 
in  input  energy  could  produce  somewhat  similar  results.  Sharply 
peaked  spectra  for-  the  input  bursts  are  not  required  to  produce 
the  observed  output  waveforms. 

The  interval  between  the  initiations  of  successive  input 
bursts  is  variable  and  averares  about  2  pulsation  cycles  (l.e., 
the  averace  lenpth  of  the  polari/.atl  on  runs).  An  isolated  burst 
produces  a  buildup  of  enerpy  in  the  resonant  mechanism  which 
decays  v.rien  the  input  ceases  or  decreases  in  amplitude.  For  a 
lo'w-Q  m.c ciianisn,  both  the  bulldj;)  and  decay  can  occur  rapidly 
within  one  or  two  cycles  of  the  output  waveform.  Interaction  be¬ 
tween  successive  input  bursts  occurs  when  the  new  burst  is  ini¬ 
tiated  before  the  energy  stored  in  the  mechanism  durlnp  the  pre¬ 
vious  burst  has  been  completely  dissipated.  Irrepularitles  in 
the  waveforms  caused  by  the  Intei-actlons  would  often  produce  the 
short  "caps"  frequently  observed  between  successive  runs.  Many 
of  the  runs  would  therefore  be  shorter  than  the  interval  between 
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Guccesslvc  Input  bursts.  71-.e  Giv.T't  rur.3  tend  to  be  associated 
with  snail  wavoforr;  a:..p lit'.'de;:  ai.!  are  fnus  likely  to  have  been 
shortcni;-;  by  tiie  interaction:'. 

T::-  e;<an.l.nat Ion  of  v; a v' •  fo r.’^n  a.pain  Indicates  that  the  short 
runs  (h  <  .  C )  are  prc.iuccd  by  the  sar.;e  physical  inechanlsr.  that 

nroducon  t;:e  lonrer  run:;. 

II.  D.  FEhlOD  DISTRIBUTIOhM 

The  histcci’an.s  of  Fii-iures  la  and  lb  show  the  period  distri¬ 
butions  of  the  pulsation  v.T.vot ral  ns  observed  in  the  nine  selected 
filter  passbands.  The  period  ranpe  0.21  to  50  minutes  has  been 
divided  into  equal  intervals  on  a  lo£:nrlthr:ic  scale  (lop-arith.r.io 
lncrer:ent  =  1.111),  and  ti;e  nu.nber  of  cycles  in  the  wavetralrjs  In 
each  peri:!  i;'iterval  have  been  summed.  The  nurter  of  cycles  in 
each  interval  has  been  divided  by  tv.'o  to  provide  numbers  comp^ar- 
abie  to  th-.'  actual  number  cf  runs.  Q’he  resultlnp  numbers  are 
plotted  and  labelled  ’’weifhted  occurrences  of  polarization  runs" 
in  the  figures.  The  number  of  runs  diminishes  with  Increasinp; 
perioc  as  the  number  of  pulsation  cycles  which  could  be  observed 
in  the  fixed  time  Interval  decreases.  The  plots  for  Bands  .^5 
and  arc  repeated  in  Flp.ure  lb  with  an  expanded  ordinate  scale 
to  provide  continuity. 

In  i'lfurc  la,  the  arrows  numbered  1  throuph  6  Indicate  a  set 
of  periods  wnich  for.m  a  ccometric  progression  with  the  value  of 
n,  the  cc.mmcn  ratio  cf  adjacent  j'erJods,  belny;  1.7.  The  medlar, 
period..',  of  the  dlstrlbutlonn  apree  with  the  periods  of  the  pr-c- 
pres.s!or.  to  within  +^lX.  The  R  value  Is  critical;  the  aproem.ont 
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wit:;  l  .e  ..:ata  dct erioratcG  raiiidly  when  ii  I3  varied  by  nore  than 
1'.  In  Flf.ure  lb,  the  nrrown  belov;  Bands  A3  through  A1  Indicate 
the  reai-.n  periods  oT  those  distributions.  The  ratio  of  the 
median  periods  of  Bands  A4  and  A3  is  2.4,  and  it  is  clear  that 
Band  A3  is  not  a  continuation  of  the  progression. 

Bands  A3  through  A4  are  thus  interpreted  as  a  c^ometric  pro- 
Eression  of  six  low-Q  maEnetospheric  resonances  with  a  fundamental 
period  of  about  5  minutes  and  an  R  value  of  1.7. 

All  polarisation  runs  havinp  1.0  (i.e.,  havinp  lengths 

of  one  complete  360°  rotation  or  more  of  the  magnetic  vector) 
were  used  in  the  overlaopinp  period  distributions  of  Figures  la 
and  lb.  Period  distributions  for  four  categories  of  run  length 
(1.0  <  P.  <  1.5;  1.5  f  R  <  2.0;  2.0  £  H  <■  3.0;  and  R  >  3.0) 
have  also  been  constructed.  The  shapes  of  the  distributions  for 
the  four  run  lengths  are  quite  similar,  apain  indicatlnp;  that  the 
short  runs  (R  2.0)  are  produced  by  the  sam.e  physical  nechanismi 
as  the  lor.fcr  runs.  The  periods  of  the  short  runs  are  less  pre¬ 
cisely  difincd  and  produce  somewhat  broader  distributions. 

Hol:';be rr  (1951)  considered  the  resonance  mechanisms  as  band¬ 
pass  filters  with  a  rardor.  noise  input.  The  characteristics  of 
the  filter  outputs  (i.e.,  the  pulsation  waveforms)  then  yielded 
an  estlm.ate  of  4  or  5  for  the  Q's  of  the  resonances.  On  the  same 
basis,  the  Q's  of  the  resonances  determine  the  shapes  of  the 
period  distributions.  When  resonance  curves  for  RLC  circuits 
having  various  Q  values  were  fitted  to  period  distributions  ob¬ 
tained  for  runs  with  R^  2.0,  the  curves  computed  for  Q's  of  5 
had  shapes  similar  to  those  of  the  distributions,  in  agreement 
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with  t.he  I’v u  1 1 1:  of  haH’-pc'./er  j.  c  Into  oT  the  reson¬ 

ance  curve;'  lay  wlthlii  th.e  nop.lnal  cut-off  periocic  of  thic  band¬ 
pass  filter;;,  usei:  for  tno  •>n.'!  Lys  1 1: ,  and  the  pasr.bands  of  the 
filters  r.easured  at  their  half-power  points  were  appreciably  wider 
than  the  I'esor.ance  curves.  As  previously  noted,  the  response 
curves  of  the  filters  ;iad  dropped  only  fO"  below  their  peak  values 
at  the  nominal  cut-off  periods  shown  In  Flpure  1.  The  period  dis¬ 
tributions  previously  established  by  the  mannetcspherlc  resonances 
would  not,  therefore,  have  been  ap/preciably  altered  by  the  band¬ 
pass  filters.  The  RLC  circuits  were  used  for  convenience  in  the 
calculation  of  the  effects  of  enerpy  dissipation,  as  ireasured  by 
the  Q  value,  on  the  respon.;e  curv'.'s  of  simple  resonant  systems. 

The  actual  mapnetcspherlc  resonance  mechanism.,  although  physically 
different,  would  sh.cw  similar  effects. 

The  hourly  period  distributions  for  H.ands  A9  tt^rouph  a6  .are 
usually,  but  not  always,  more  sharply  peaked  than  the  over.all 
dlstribu'ions  of  Figure  la.  The  median  periods  of  tne  hourly  dis- 
trlbutiors  are  with.ln  of  thiCso  of  Flpure  la  v;lth  only  2  excep¬ 
tions  out  of  the  ^lo  cases.  The  median  periods  of  the  different 
bands  do  r'.ot  incre,ase  or  decrease  simultaneously,  and  the  hourl'-’ 

values  of  the  ratios  of  the  median  periods  of  adjacent  bands  can 
occasionally  vary  appreciably. 

The  one-hour  Intervals  do  not  provide  com.plete  averaplnc  of 
the  short-tern  variations  of  t.he  frequency  .opectru.m  of  the  enerpy 
source  which  excite  the  mapnetospncric  resonances  .and  produce  tine 
varylnp  periods  in  each  band.  Independent  excitations  of  the 
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different;  resonance  bands  and  a  Ir.ck  of  close  coupling:  between 
the  bands  account  for  the  cbstTvet.  varlauility  of  the  hourly 
period  dl  •trlbutlons . 

The  ratios  of  the  periods  of  pairs  of  pulsation  wavetrains 
that  wore  linearly  superposed  in  the  oripinal,  unflltered  record- 
Inco  have  been  exanined  by  cor.parlnc  pairs  of  partially  concurrent 
wavetrains  observed  in  adjacent  pa.lrs  of  filter  passbands.  A 
combined  distribution  of  these  ratios  has  been  obtained  for  the 
four  band  pairs  A9'-A8,  a8-A7,  A7-A6,  and  a6-A5.  In  terms  of  the 
period  Intervals  used  in  Flpure  la,  the  probability  that  a  run  in 
interval  li  is  partially  concurrent  with  another  run  in  the  period 
interval  *«  tabulated  belov;.  The  hlcdost  probability  occurs 

for  1  =  5  corresponding:  to  the  spacinc  of  the  peaks  in  Fl£:ure  la. 

1=123456789  10 

P  =  .01  .05  .12  .18  .21  .19  .13  .07  .03  .0] 

This  is  in  a<7reer.ent  with  the  spot  checks  made  during;  the  selec¬ 
tion  of  filter  passbands  and  confirms  the  geometric  progression 
of  reccnan.ce  bands.  There  is  no  evidence  of  a  close  relatlonsb.lp 
between  th.e  runs  in  adjacent  bands.  The  two  runs  in  a  pair  are 
only  partially  concurrent,  and  the  amount  of  overlap  is  quite 
variable.  Also,  the  two  runs  may  have  either  the  same  sense  or 
opposite  senses  of  polarization. 

Host  of  the  observed  features  of  the  data  can  be  attributed 
to  essentially  random  variations  of  the  enorcy  source  whlcli  excites 
the  r.afnetosphcrlc  resonances.  This  slmiple  model  does  not,  how¬ 
ever,  account  for  the  stro.np  clockwise  or  counter-clockwise  trends 
shown  by  -.any  sections  of  the  polr  rizatlori  traces  of  Flpure  3- 


18 


J 


It  is  acain  er.phoslzod  that  the  observed  distributions  are 
statistical  in  nature.  A  sinfrle  set,  or  even  several  sets,  of 
partially  concurrent  low-';  v/avetralns  would  not  necessarily  pro¬ 
vide  reliable  estir.ates  of  the  r.edian  periods  of  the  resonance 
bands  or  of  the  ratios  cf  the  r.eiiinr.  periods  of  the  different 
bands . 


II.  L.  OTHFP.  RESULTS  OF  THF,  ANALYSIS 

The  amplitudes  of  the  euls at  ions  peaked  in  the  interval  OlOG 
to  O3OQ  EST  durinp  the  helyht  of  the  m.rifnetlc  storm,  •.-.’hen  the  Kp 
index  reached  a  inaxlnum.  of  S-.  The  r:axi.'riU."'.  hourly  average  ampli¬ 
tudes  of  the  H  component  ranped  from  35  Gammas  for  Land  A1  to  G.7 
Gammas  for  Band  AS.  The  ar.plitud'.'‘S  dropped  thereafter,  particu¬ 
larly  after  O6OO  EST  when  th.e  southei’n  boundary  of  the  contract- 
inn  auroral -oval  receded  northwarJ  from,  the  station.  Ly  the  hour 
1100  to  120  0  EST,  the  ainplitudes  had  dropped  to  3  G^^ftm.as  for 
Band  AL  and  0.02  Gammas  for  Band  A9. 

Strc.nr  cosmic  noise  absorption  (6  db  m.axlm.ur;)  was  recorded 
on  the  22  Kt’s  rlom.eter  at  Bedford,  .Kass.,  from  0100  to  3300  EST, 
and  the  smoothed  CIJA  curve  vias  very  similar  in  shape  to  the  en¬ 
velope  of  the  pulsations  havlnn  periods  of  1  minute  and  less. 

Th.e  peaks  of  the  small  variations  sunerpo.sed  or.  the  envelope  of 
t.he  Ci.'A  curve  were  correlated  with  the  positive  peaks  (corre- 
spondinG  to  northward-directed  fields)  of  the  filtered  and  inte- 
Grated  X  ccr.poncnt  waveform  of  the  pulsations  in  a  5.5  to  17 
minute  pr.ssr.ar.d.  The  increases  in  particle  precipitation  that 


caused  Ir.caeaaes  in  c;.’/.  also  have  been  expected  to  cause 

increases  in  lor;os.pherlc  ec:uiuct:l vlty  accompanied  by  increases  in 
the  strenf-sh  of  the  v/estward-f lowinc  electrojet,  but  this  would 
have  prcduceci  increases  in  the  southward-directed  field  in  disagree 
ment  with  she  observations.  The  relationship  betv;een  the  CI-IA  and 
the  pulsations  must  therefore  be  attributed  to  a  common  origin  in 
the  magretosphere . 

All  of  the  evidence  indicates  that  80^  or  more  of  the  pulsa¬ 
tions  are  of  magnetcsphcric  origin  throughout  the  measurement  in¬ 
terval.  The  rr.arnetic  v^ariations  in  the  0.26  to  50  minute  period 
range  mere  directly  associated  v;ith  fluctuations  of  the  auroral 
electro,' et  during  the  A-C  Interval  must  have  been  appreciably 
STialler  t!ian  the  concurrent,  large-amplitude  i:M  v;ave  activity, 
since  they  did  not  reduce  the  amount  of  elliptical  polarization 
below  that  observed  during  the  following  M-L  Interval  when  only 
the  weak,  s lovely- varying  Sq  currents  were  overhead.  During  the 
A-0  interval,  the  fields  of  the  HM  waves  were  not  negligible  in 
com.parison  with  the  electrojet.  The  electrojet  field  as  shown  by 
the  li  ccr;ponent  on  the  magnetogram  at  the  Weston,  Mass.,  observa¬ 
tory  reaciied  a  maximum  value  of  about  -750  gammas,  or  about  8  times 
tho  r,axl.m,um  pcak-to-peak  amplitude  of  the  pulsations  in  Band  Al. 

II.  F.  CO.MPARI.gOII  •.;rTi!  PRLVIOL’g  REDULTf 
.'•dditlonal  observational  daca  will  be  presented  prior  to 
the  com.parison  with  previous  results  relevant  to  the  s.uLJect  of 
magnetcsphei'l c  resonances. 
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II.  0.  SUDMISISTOM  70  7HH  .lOURr.'AL  Or  OEOPlIYniCAL  REOEAhCH 

A  rnpr-r  describinp:  tP.o  initial  results  obtained  under  the 
Grant  was  rejected  by  the  Journal  of  Geophysical  Research.  The 
rer.arks  of  the  referees  Indicate  th<at  any  challenfje  to  the  flold- 
llne-rescnance  hypothesis  was  re;*n.rded  as  heresy  which  should  be 
firmly  suppi'cssod. 

The  Brand  X  Referee  (BXR)  stated  that  "The  technique  event¬ 
ually  reverted  to  the  use  of  the  human  eye  in  decldlnr  v/hen  the 
filter  widtii  has  been  decreased  to  the  point  where  only  a  slnfle 
frequency  is  present." 

oiiice  the  overlappi.rp;  fiit(;r  bandv.'i(itlis  provided  complete 
coverage  of  the  period  range,  a  single  frequency  per  filter  band¬ 
width  would  be  compatible  with  the  stated  results  of  the  analysis 
but  would  be  incompatible  witii  the  harmonic  series  of  frequencies 
predicted  by  the  fleld-llne-rescnance  byrothesls.  The  BXR's  mis¬ 
statement  of  the  analysis  technique  could  hardly  be  considered  a 
devastating  criticism,  even  if  It  had  been  true. 

The  remaining  comment  of  the  BXR  concerned  the  RLC  circuits 
which  'were  used  only  in  estimating  the  Q's  of  the  resonances  and 
were  noi  used  as  physical  models  of  the  magnetcspheric  resonance 
meci'.ar.lo ms .  The  BXR  complained  that  the  RLC  circuits  wei-o  not 
physlsa.  i;:o(]ols  of  the  magneto  spheric  resonance  mechanisms. 

The  Brand  Y  Referee  (BiH)  stated  "This  is  actually  wt;at  the 
author  oild  by  his  'cumulative  area'  technique  of  countinr  rota¬ 
tions  aiid  defining  ’runs'." 

The  BYR's  remark  was  clearly  Intended  to  refer  to  the  polar¬ 
isation  traces,  but  the  traces  did  not  involve  cumulative  areas 


21 


In  any  way.  This  conruslon  on  the  part  of  the  BYR  concerning'-  the 
contents  of  the  paper  he  was  refereelnf  was  quite  extensive. 

The  BYR  stated  ”1  understand  that  the  author  has  noiT.allsed 
th.e  distributions  of  rotations  in  each  filter  band.  However,  he 
does  net  describe  how  this  was  done  so  I  can't  validate  it."  And 
later  .he  stated  "Clearly  there  is  sone  frequency  slf.nai  which  is 
attenuated  by  the  filter  to  the  noise  level  of  the  electronics. 

This  sl[nal  will  not  be  detected  by  the  rotation  analysis.  No 
amount  of  norr.alisation  can  conpiinsate  for  this  loss.  I  am  not 
convinced  that  tine  statistics  were  properly  norm.alized,  or  that 
it  is  possible  to  do  so." 

The  only  normalizin,--  cone  consisted  of  setting  the  maximum 
amplitudes  of  some  of  the  secondary  plots  (not  shown  in  this  re¬ 
port)  eciual  to  one.  This  simple  procedure  apparently  caused  the 
BYR  to  conjure  up  some  esoteric  normalisation  scheme.  As  intended, 
the  bandpass  filters  attenuated  the  slfnals  outside  their  pass- 
bands.  There  was  no  desire  to  detect  or  compensate  for  the 
intentionally  discarded  si-:nals. 

Further  comments  by  the  BY.R :  "I  also  understand  the  check 
he  has  made  by  movinp;  a  v/lde  band  filter  across  a  narrow  spectral 
line,  observing  that  the  output  period  moves  across  the  band  in 
the  appropriate  manner."  And  later:  "At  a  deeper  level  I  am 
concern'.’d  about  the  use  of  narrev;  band  filters  and  polarisation 
analysis  to  estlm.ate  the  spectrum  of  a  slpnal  which  is  what  the 
author  '.as  done." 

Tr.-:;  Check  that  the  BYH  "understands"  is  unknown  to  the 
author.  The  spectral  lines  ocsorved  v;ere  not  narrovf,  even  thouph 
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they  were  nor  ar.  wide  as  the  ftlrer  bandv.idths .  The  3YR  uses  the 
designations  "v;ide  band"  and  "narrow  band"  interci;anr;eably  in 
rererrin/-  to  the  filters. 

At  a  deeper  level,  the  :iYr.  is  concerned  about  the  use  of 
period  distributions  in  th.e  analysis  of  the  pulsations  everi  thoup 
thls  teennique  has  been  used  in  rany  paners  that  have  been  pub¬ 
lished  in  the  JUR  and  elsewhere  vithout  evokinp;  any  preat  con¬ 
sternation. 

I  iiave  been  assured  by  the  I  ditor  that  the  Brand  7.  and  Brand 
Y  Referee  "were  selected  for  tht:ir  expertise  on  the  subject  matte 
of  the  paper."  Since  many  authors  have  encountered  similar  uses 
of  "expertise",  it  seemed  worthwlvlle  to  document  one  exam.ple. 


rr:.  a. 


:iata  hWM'Oiz 

anul.  r 'Lor.al  data  r.airp  it.-:;  ivalectcd  froir.  th.e  archiver,  oi' 


the  Air  -'or 


I.ab ora t cry  '  r  Ma'r.etoitcter  detv.'crk  hav*^ 


beea  a:; a  r.’ to  confirn  the  ro;;i:lt;;  of  the  Initial  analyrlr. 
dat.'i  aere  recorded  at  the  Mt.  Clertenr,  Michiifar. ,  and  dapid  (It;/, 
Gouti;  Go. rota,  rto.tlor.a  in  the  riorthern  tier  of  tt;e  network  at  a 
geonaynetlc  latitude  of  about  +5^1°,  L  value  of  about  3,  approxi¬ 
mately  t.'iP  saite  as  that  of  the  Gtrawberry  Hill  rtaticn.  The 
outputs  frert  the  induction  coll  senoorr  had  been  digitized  at  a 
rate  of  301  poi;its  oer  minute. 


Cne  ciata  rar.ple  war  recorded  near  local  midnipht  durlnp  a 
larpe  r,a.--netic  disturbance  (Kp  =  7o)  so  that  conditions  were 
similar  to  those  for  the  l6  April  19C5  data.  That  is,  the  station 
was  outside  ti;e  plasr.araure  and  inside  the  south.ern  boundary  of 
the  exparried  auroral  oval.  The  ctner  two  data  samoles  were  re- 
corued  d.:rl:'’.r,  the  early  afternoon  hours  under  conditions  of  mod¬ 
erate  .’iia.'r.e  t  ic  disturbance  whe.n  the  station  was  inside  the  plas::'a- 


pause . 


Con.;lderation  v;ns  riven  to  practicable  modi  flcatlons  of  the 
analysis  t-j cimique  which  r.iph.t  .moke  it  more  difficult  for  deter¬ 
mined  5kei;tlcs  to  deprecate  the  r'Osults.  Unfortunately,  the  ccr.- 
ments  of  the  Grand  X  anc!  iirand  Y  referees  of  the  JGR  provided 
very  little  assistance*  in  tJiis  repard.  It  was  decided  —  reluc¬ 
tantly  —  to  abandon  the  preselection  of  the  filter  passbands  to 
be  used  for  analysis.  It  was  t.hi.  observations  made  durlnp  the 
presciection  process  that  flr:;t  revealed  the  unexpected  peoretric 
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p rcf -I':;;-,  ic'ti  of  roiicnant;  of  tho  piil:;nt  1  cin:: ,  Althourn 

qual.'. a*.  1  vt;  '  r,  nature,  ti;'.'  clnei'vritl  ona  were  quite  clenr  and  ’.■:crr: 
subsequently  borne  out  by  tne  period  distributions.  The  JGR  re¬ 
ferees,  hc'.vover,  sir.ply  ignored  the  sirnificance  of  these  early 
observal  1  ens  .  fince  the:"-  '.•iiiz  no  practicable  way  to  present  the 
observations  other  tnan  the  vei’bal  description  tliat  had  already 
been  used,  it  seemed  best  to  drop  the  preselection  of  passbands. 

In  the  later  analysis  of  data,  therefore,  a  larce  number  of 
narrow  filter  passbands  have  beeji  used  to  cover  the  desired  period 
ranpe .  This  approach  required  :::;:rc  effort  and  computer  time.  It 
had  the  additional  advantage,  however,  that  it  provided  plots  of 
the  anpiltudes  of  the  pulsations  as  a  function  of  frequency  for 
comparison  with,  the  period  distributions.  The  average  amplitudes 
in  the  Individual  passbands  provide  enough  points  to  define  a 
smooth  curve. 

III.  h.  THE  DATA  0?  2  MAY  1978 

Data  from,  the  Mt .  Clem.ens ,  Michigan,  station  of  the  Air  Force 
Geophysics  Laboratory  for  the  tnree-hour  interval  GOOO  to  0300 
CSiT  on  2  May  1978  have  been  analysed.  The  rip  index  for  the  inter¬ 
val  was  7o.  The  period  range  from  0,2  to  6  minutes  has  been 
covered  by  a  series  of  narrov/,  overlapping  filler  passbands. 
Polarisution  traces  for  eaclr  pasiibanti  v/ere  obtr;lned  as  described 
in  fect..on  II.  D.  above;  a  sectitm  of  one  of  the  t.-aces  v.rs  showr, 
in  Figure  2.  The  period  distributions  for  six  of  the  overlapping 
filter  passbands  are  shown  in  the  upper  plots  of  Figure  Th.c 

period  intervals  are  the  .sam.e  as  those  previously  used  In  Figures 
la  and  lb.  The  dotted  curves  are  the  response  curves  of  digital 
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flltorr,  v;hich.  have  boon 
the  Ic pavl ti'.r'.i c  perioa  .ic  ;  !'■ 
The  hist  opr, "ir.’.ij  are  construct 
tioroj  of  the  individual  r’alr 
polarlth-;  icn  traeva  (rather 
the  .".ap.O'  tic  vector  uaed  In 


otni:  tr  i'..al  nlal/i  a  cc!i::tant  ohap'.‘  on 
(i.e.,  to  maintain  a  oor.atant  'i)  . 
ed  from  the  suma  of  the  time  uura- 
aticr.  v;ave trains  Identified  from  the 
th.an  from  the  number  of  rctatic.nc  of 
t  he  r  re  v  .1  o  us  an  a  ly  s  i  s  ) . 


Because  the  filter  passbands  were  not  pre-selected  to  nlnl- 
mlso  the  sucerposltlon  problem,  the  Initial  results  obtained  with 
wider  passbands  were  sometimes  ambipuous.  Passbands  coverlnp  feu 
of  the  period  intervals  used  in  the  plots  of  Flpure  ^  were  first 
tried.  Tr.e  lorarithr.lc  Increr.ent  of  the  Intervals  was  1.111  so 
that  the  ratio  of  the  maximum  and  minimum  periods  in  the  four-in- 

li 

terval  span  v;as  1.111  or  1.523,  a  ratio  larpe  enourh  to  provide 
the  possibility  of  the  inclusion  of  icany  pairs  of  superposed  wave 
trains.  b’hen  the  center  period  of  the  comparatively  v,-ide  passban 
was  shifted  in  stens  of  one  period  interval,  the  resulting  over- 
lapplnf:  r'eriod  distributions  were  not  alv/ays  consistent  arr.cnr; 
the.'ise Iv '3 .  Passbands  coverinn  throe  period  intervals  yielded 
bebter,  hut  still  not  satisfactory,  results.  The  ratio  of  the 
max.lm.um  and  minimum  periods  in  the  two  period  intervals  covered 
by  the  passbands  of  Fif;ure  k  is  only  1.23^,  which  permits  very 
few  occurrences  of  superposed  wavetralns.  These  narrow  passbands 
clearly  dlopl.'iy  the  peaks  In  the  period  dlstributlo.ns .  As  expect 
ed,  the  an.uif.ultles  which  had  previously  been  observed  were  most 
pronou.nced  In  the  regions  between  the  peaks  v/hcre  the  wider  pass- 
bands  would  include  concurrent  wavetralns  from  cac!i  of  the  tv;o 
ad.lacent  resonance  bands. 
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.'i  i  j  t, V  K''ri  In  Fi,'u:’c'  ha.;  bL'cr;  r;orrnall:;ed  by  settinr 

ll.-.  n.a.x '  I  i  fade  oqual  to  one.  'i'hn  li.r-orlant  fo.'ituron  of 

eacli  riot  are  the  rolat ivo  .arrolltudeo  in  the  two  central  period 
Inteia’alo  for  ’.-.•aich  the  filter  attenuationo  are  orriali  and  equal. 
Tne  total  tir.e  ciuration  of  the  wavetraino  observed  in  each  pass- 
band  wa.'’  about  751  cf  the  duration  of  the  data  san'.ple.  Hov/ever, 
the  ar.plitt.des  of  the  distributio.ns  prior  to  ncr.T.alisation  are 
not  of  preat  sipni ficance  in  this  case  bc;cause  the  narrow  pass- 
bands  ir.rose  a.  r.oro  slnr.soidal  appearance  on  ir.any  of  the  wave- 
trains  than  they  would  othorv;lse  have. 

The  two  Gverlappln,'*  passbands  containing  one  of  the  peaks  of 
the  overall  period  distribution  have  been  chosen  for  the  plots  or. 
the  two  top  lir'ies  of  Ficuro  .  Tne  two  dlstrieutionr,  reed:  in  the 


lore  ne;T:)d  l:;terval 


and  fourth  lines  of  th.e  fi rui'e 


extend  the  period  ranre ,  and  in  e-ach  case  the  period  dl.stributicn 
contlnuT  to  d.rcp  off  fror.  the  ccr;tral  peak.  The  ocr.rosite  dlstrl 
butlon  shov;n  In  the  lower  plot  is  based  on  tlie  relative  ampli¬ 
tudes  Ir:  the  two  period  ir.tervals  of  the  Individual  passbands. 
Startlnp  fro:;,  the  central  peak,  if  each  of  the  three  passbands 
had  shown  a  decrease  cf  IC.l,  for  example,  the  amplitudes  In  the 
composite  distribution  would  be  plotted  as  1.00,  0.80,  0.64,  and 
0.51. 


Flp,ure  5  presents  the  results  of  the  analysis  of  the  three- 
hour  .lnt<^rval.  The  averare  amplitudes  of  the  9H/Clt  com.ponont  of 
the  pulsations,  derived  from  the  filtered  dX/Oi  and  DY/i>t  outputs 
of  the  induction-coil  sensors,  ar-e  .sliown  In  the  upper  plot. 


Fach 


I'iltorG 


point  on  t'r.o  curve  corr“'or  on.iu  to  one  of  the  br.ndpaoo 
used  in  th'-  analysis.  In  the  period  distribution,  shown  in  the 
lower  plot,  each  of  the  four  neah.s  was  derived  Independently  as 
illustrated  l:i  I-iy.ure  .  The  dashed  vertical  lines  nurbered  1 
throur'n  ^  are  equally  spaced  cn  the  locarlthmic  period  scale  and 
fcrr.  a  peoir.etric  propressicn  with  a  connon  ratio  R  =  1.8^1.  The 
Ceonetrlc  prop.resslon  provides  a  f*ood  fit  to  four  peaks  in  both 
the  amplitudes  and  the  period  distribution  of  the  pulsations  in 
the  0.3  to  3  minute  period  ranye.  Outside  that  ranpe,  the  pulsa¬ 
tions  do  not  conform,  to  the  prcrressicn.  A  secondary  peak  in  the 
period  distribution  at  about  0.2  Z  ninute.s  can  also  be  seen  in  the 
ar.plitude  curve.  The  peal:  in  th.e  amplitude  curve  at  about  3.5 
minutes  is  barely  discerr.able  in  the  period  distribution. 

It  should  be  noted  that  the  slow  uecrease  in  the  am.plitudes 
of  the  pulsations  v/ith  Increas i r..'  porlO'.;  results  from  the  use  of 
9}l/d’t  for  th.(?  plot.  A  pxot  of  H  woul.i  shiow  the  usual  increase  in 
am.plltune  with  Increasing  period. 

Th  technique  used  in  deriving  the  individually  normalized 
peaks  i.'!  the  period  distribution  rc.sults  in  discontinuities  be- 
tv.’eyn  the  peaks.  iJo  detailed  investiyation  lias  been  made,  but 
the  dis ecntinuities  are  duo  in  part  to  occurrences  of  the  super¬ 
position  of  wavetrains  of  different  periods.  The  narrow  filter 
bandwidtlis  restrict  such  occurrences  to  the  trouyhs  between  p.nirs 
of  ponkr-.  where  wavetrains  related  to  each  cf  the  two  peaks  are 
equally  likely  to  occur.  Small  variations  in  the  param.eters  of 
the  analysis  (i.e.,  filter  bandwidths  and  the  deyr-ee  of  regularity 
requlrcii  foi-  the  selection  of  pulsation  wavetrain;;)  did  not  z'esult 
in  sl.yn:  ficant  variations  in  the  period  distribution. 
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pp,'il;r  in  thn  period  distribu¬ 
tion  v.'ci-i'i  be  r;o;'0  pror. ur. '-..'Ui  th-'..','.'  In  tho  pulsnti.on  ij.rr.pli  — 
fades.  I'ne  sr.oc'.hin.~  eiTec:  of  t.be  overalpplnp  dllter  bandv.'idths 
reduces  tne  sharpr.eac  of  tne  pcrera  in  tb.e  ar.plitudc  carve.  .Also, 
eac.h  cf  the  lov;-.:  pu.lsatlon  wavetralns  cor.taln;i  onerry  spread  over 
a  conn arati  ve ly  wide  frequency  r.mrc .  In  the  perloa  districutloa  , 
hov/ever,  all  of  this  enerpy  Is  attributed  to  a  slnple  period  near 
the  center  of  the  ranpe ,  and  this  sharpens  any  existing  peaks  in 


the  dis tri  o  Utica.  The  ar 


reriodiof  pulsations  lying  ne; 


the  cut-off  periods  of  the  filters  ore  shifted  sor.ev.hat  to-, •.arc 


the  center’s  of  tire 


;shar:us  . 


For  the  cor.paratlvely  narrov 


T  p  n  r:. 


ban 


rr.ed,  this  nrain  ter'.d.s  to  sirarpen  the  obs-ei’vcd  peaks  in  the 


distribut ion. 

i:r.  c.  tf;;  fa':/.  ok  j::;  jA;;:.’.tiiY  vjt? 

T;;c  results  of  tire  an-alysis  of  tire  three-hour  Intcrv-al  fror, 
13'10  to  '.too  CST  on  15  January  IS 7 9  are  sirovra  In  Figure  6.  The 
data  arc  fror,  the  Induction  coll  sensors  of  the  Kapid  City,  foutir 
Dakota,  station  of  the  Air  Force  Geophysics  Labcratory,  and  tire 
analysis  procedure  was  tiro  san.e  as  that  descrlbeti  in  the  previous 


3  e  c  tJL  0  n . 

The  data  were  recorded  during  a  moderate  disturbairce  ( Kp  =  Fc) 
and  uurl.rg  tire  local  afteiaroon  hours  v/hon  the  station  was  well 
Inside  tiro  inner  magnetosphere,  l.e.,  inside  the  plasrrapause .  The 
pulsation,  amplitudes  are  almost  a  factor  of  10  lov;cr  t.hoin  those 
in  the  previous  data  sar.ple. 

The  dashed  vertical  linos  again  form  a  geotrctrlc  progression. 
In  ti.ls  :ase  ,  the  cemmen  ratio  K  Is  1.5b.  Four  of  the  terms  of 


29 


the  pror:’'-':3::lon,  labclod  1,  d ,  ^4 ,  and  7,  are  in  coca  acrceniont 
wlt'i  Mu'  peaks  in  the  ar.plitud.e  surve  and  the  period  distribution. 
The  ouhL-r  terr.s  in  the  rrofression  do  not  appear  in  th.e  puloaticn 
data,  a-tiiGuah  there  is  a  slipht  indication  of  a  peak  in  tne  arr.pli 
tude  cur’vo  vdiich  corresponds  to  tern  5  of  the  prornession, 

III.  D.  Txla  DATA  OF  19  JA::'JAF.Y  1979 
The  results  for  a  second  three-hour  afternoon  Interval  at 
the  .Rapid  city.  South  Dakota,  station  are  shown  in  Figure  7.  The 
interval  was  rather  quiet  wit.h  a  Kp  of  2  +  ,  but  the  pulsation 
arr.plitudes  for  periods  shorter  than  two  minuter,  arc  larger  than 
thos-j  for  the  previous  data  sanpie.  The  geonetric  proc”ossion 
shov,:'.  by  the  dashed  vertical  lines  again  has  a  cers-.o:.  ratio  R  of 


1.56. 

I  r.  this 

case  , 

only  tixrce 

of  she  terms  i 

n  the 

progression 

appear 

clearly 

in  the 

c  u  1 3  vS  t  i  c  n 

data,  and  the 

match 

for  term  1  is 

not  ver 

•y  good. 

The  re 

are  also 

Indications  of 

peaks 

corresponding 

to  terns  2,  3,  and  6  of  the  progression. 

Pulsation  ar.plitude  curves  for  six  15-ninute  intervals  are 
shown  in  Figures  8  and  9*  These  examples  were  chosen  to  display 
the  short-tern  variations  which  occurred  during  the  three-hour 
interval.  The  con.non  ratio  H  =  1.58  has  been  maintained  for  the 
progression ,  but  the  entire  progression  has  been  shifted  slightly 
to  provide  the  best  fit  for  the  individual  cases.  There  is  a 
general  trend  toward  longer  periods  at  later  times.  Cha.nge  ,  in 
the  common  ratio  were  tried  but  did  not  Improve  the  fit  for  two 
individual  cases. 

There  are  clear  occurrences  of  peaks  corresponding  to  each, 
term,  of  the  progression  in  one  or  more  of  the  15-!’'.lnuto  Intervals 
with  the  exception  of  term  number  5  for  which  there  ar"  only  two 
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small  of  pi-ak.:.  Tit  to  trio  pror'r''is.;i ot;  is  not 

always  \or'j  rcod,  but  tills  Is  to  bo  expected  for  lov;-Q  resonances 
averaped  over  short  time  intervals.  For  a  five  minute  period,  for 
example,  only  three  pulsation  cycles  could  occur  in  fifteen  min¬ 
utes.  'Ihere  are  also  a  few  peaks  in  the  pulsation  amplitudes 
whici’.  cr.nnot  bo  identified  term::  in  the  progression.  Those 

misfits  are,  however,  far  outnumbered  by  the  peaks  v/hich  do  apree 
with  the  propression.  A  definite  Increase  in  the  amplitudes  of 
the  lonper-nerlod  pulsations  occurs  In  the  latter  half  of  the 
three-hour  Interva.l. 


III.  E.  OTiiEE  DATA  DAriPLEb 

Two  other  three-heur  data  samples  have  been  examinee,  but  in 
both  cases  larre  percentare  variatiens  of  the  pulsation  amplitudes 
occurreo  rataor  ranricmly  In  both,  frequency  and  llrrc,  anc:  no  clear 
patteiT;  could.  Lw  dlscf rneu.  In  beta  case.s  t.here  ■.•.•ere  some  i:. di¬ 


cat  ion: 


nerr'etrlc  prcpr'nr.s 3  on  of  rosc:''.ant  pcriod.s,  but  tiie 


incicatlon-.  were  not  sufficient  to  v, -arrant  the  presentation  of 
tb.e  dat'i  h^r-c.  In  neither  case  could  any  indications  of  a  har- 
mo.nlc  s  ri  n;  be  observed.  One  of  the  data  samples  was  recordec 
at  nlri.t  d.-irinp  a  stronp  disturbance  sim.ilar  to  that  of  the  2  ilay 
1978  sample  described  in  Section  III.  B.  above.  The  other  sample 
was  recurd'*d  durlnp  the  afternoon  under  very  quiet  conditions.  T1 
slpnal  levels  v/ere  very  lov/  and  m.ay  have  been  contaminated  with 
man-nade  noise. 


31 


iV.  A. 


AI '  four  of  tr.e  date,  ."ianiple"  pror.eiitcd  shov;  c  nro- 

nressior.e  of  the-  reacnant  periods  of  the  pulsations.  Mo  inter- 
pretati'M  in  terr.s  of  har.r.cnic  series  is  possible. 

All  cf  the  data  samples  v/ers  recorded  at  stations  located  at 
about  £;eor.acnetic  latitude,  L  value  about  3.  The  field 

lines  from  th.e  stations  usually  lie  in  the  inner  macnetosphere , 
l.e.,  Inside  the  plasnapause.  Mear  mldnlcht,  however,  when  the 
the  Kp  inde.x  reaches  7o  or  more,  the  stations  are  inside  the 
southern  boundary  of  the  expanded  auroral  oval.  Differences  in 
the  pulr.asions  observed  under  these  two  conditions  have  previous¬ 
ly  been  reported  ( Marie  et  al . .  1976).  Differences  between  the 
"mld-lar.itude"  and  "auroral-oval"  reclr.es  of  pulsations  at  these 
suc-aurc ral-sone  stations  also  appear  in  the  data  reported  iiere. 

IV.  B.  THE  "AURORAL-OVAL"  nE.OO.'.'AM'CEB 

The  existence  of  a  csometrlc  procresslor,  of  pealcs  in  the 
data  of  18  April  1965  (Fipure  la)  was  fi;’ot  inferred  from  quali¬ 
tative  observations  of  the  filtered  pulsation  waveforms.  Since 
it  was  those  early  observations  that  supplied  the  Incentive  for 
t.he  rem.ai::der  of  the  work  reported  here,  it  was  fortunate  that 
the  "auror.al-oval"  recire  of  pulsations,  for  which  the  propresslon 
is  quite  clear-cut,  was  chosen  to  initiate  the  study  of  the  pol¬ 
arization  of  the  pulsations.  The  application  of  the  modified 
analysis  technique  to  the  data  of  2  May  1978  (Flpure  5)  verified 
the  earlli.-r  results.  The  differinc  values  of  the  common  ratios 
and  of  t.b.c  lonp'st  resonant  perlocis  of  the  two  prof-resslons 
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warrant  :'u:'V.ru.‘r  !  nv('';'.tlt'''t1on,  a.  coi:.!  •a  r'.'iU  I  r  r.t.mi i-;'  of  th'.- 
"auroi-al-oval"  rerl'.e  of  pulsations  aro  available  for  corparison, 
IV.  C.  Ti;E  "r-’ID- LATITUDE"  REfONA.iCEf 

H.o  1:  .tore  (1951  ,  1953)  presented  ar.  extensive  analysis  cf  the 
pulsations  at  nskfialetnulr,  Scotland,  +50.5*^  pconapnetlc  latitude. 
He  found  two  proriinent,  distinct  peaks  in  the  period  distributions 
of  the  pulsations.  One  peak  vjas  centered  at  a  period  of  about  20 
seconds,  the  second  at  70  to  80  seconds.  Hclnberp:  noted  the  sif-i- 
larjty  of  his  results  to  these  which  mlpht  result  If  random  noise 
were  passed  threuph  low-Q  filters  and  estlnatec  the  Q's  to  be 
about  A  or  5  frer.  the  pulsation  v/aveforms.  From  a  consideration 
of  tr.e  c'-.araeteristics  of  various  possible  pliysic.-  1  r.echanisr.s , 
he  ccncl.isled  that  hy dror.apne tic  resonance  was  the  r.  }chanism  most 
likely  to  be  tai  o.ble  of  prcvidlr.r  the  observed  peric  :  ranpe.  In 
the  pre-satellite  era,  the  ionosphere  was  assured  to  be  the  seat 
of  the  resonances. 

Pealts  at  about  20  seconds  a.nd  70  to  80  seconds  have  also 
been  reported  in  the  period  distributions  of  the  pulsations  at 
Tucson  (+)40.^°  geonaonetlc)  by  Maple  (  1959)  and  at  Predericirsburr 
(+50°  geor.acneti c )  by  i'al to  (1962).  These  two  peaks  are  thus  t.he 
most  firmly  established  features  of  the  frequency  spectrum  of  the 
daytime  pulsations  at  middle  latitudes.  They  do  not,  however, 
lend  them.solves  to  an  interpretation  in  terms  of  a  harmonic  scrie. 
of  resonant  periods.  They  have  thus  become  quite  unfashionable 

In  recent  years  and  are  often  conveniently  forgotten. 

* 

The  two  peaks  correspcndlnr;  to  terms  and  7  of  the  f:eometrlc 
prcp.resslons  of  rip.uros  6  and  7  are  the  most  pror.lnent  features 
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of  the  f;pc:‘tra  of  the  two  a f tervioon  data  aanplea;  they  also  cor¬ 
respond  to  tp.e  tv.o  poal.s  re:  'r'tori  in  the  earlier  studies.  The 
greater  period  Tvanre  cover-  in  tp.o  present  work,  cor.bined  with 
the  Ip.provod  recordln-  and  analysis  technlnues  that  have  become 
available  in  recent  years,  perr.its  the  identification  of  the  two 
peaks  as  terms  in  the  ■  eomc-tric  propression .  With  the  exceptions 
of  numbers  ^  and  7,  ncr,-e  of  the  terms  of  the  progression  appear 
as  really  outstandinr  peaks  in  the  amplitude  curves;  terms  1  and 
2  do,  however,  aprea:*  quite  cleai’ly  in  the  period  distribution  of 
l-’icure  6.  The  data  for  the  l-hour  sample  on  19  January  1979  (Flp- 
ure  7)  would  r.ct,  if  considered  a.lor.o,  bo  recopnlsed  as  a  peometri 
propression  of  ;  eaks.  T;;e  elements  of  the  progression  become 
dlscernable  once  such  an  ir.terp rotation  is  surpested.  It  is  only 
when  the  data  are  separated  into  15-n.inute  intervals  in  Fipures 

8  and  9,  however,  that  the  individual  peaks  in  the  progression 
become  clearly  evident. 

In  view  of  the  nature  of  the  data  shown  in  Figures  6  throuph 

9  and.  tpo  lack  of  any  theoretical,  reason  to  expect  a  peor.otric 
propress ion ,  it  is  not  too  surprislnp  that  such  a  propression  has 
net  previously  been  reported.  Careful  analysis  was  required  to 
dir.Glcse  th.e  peaks  l.n  the  propression  v/ith  the  exception  of  th.e 
two  promlnant  peaks  which  were  previously  reported.  It  was  only 
the  confidence  enp.endcred  by  the  results  of  the  analysis  of  the 
l8  April  1965  data  (JGR  referees  notwithstandlnp)  that  motivated 
the  suc-'-cssful  dcvelopr.er.t  of  the  modified  analysis  technique 
wl'.ich  prcduced  the  later  results. 

Mur-;  cf  the  variability  in  the  data  can  be  rttrlbuted  to  th.e 
low  .Vs  of  tile  resonances,  but  it  seems  likely  that  some  of  the 
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vai’lal; i  1  -  t  y  la  da-.'  zo  ahcrl-l'.' v.'ir-La.U  Iona  in  the  r.pcfjtru;”,  of  tr.  j 
sourco  c:’  oxcltauion  onor,";/.  Tn*'  auj'poatlon  of  iio?  r.ner^  (1951) 
has  been  bested  by  passlnr  randcr  noise  throuph  dlfltal  filters, 
’.■(hen  filter  band'.sidths  ccr.parabie  to  those  of  Kirere  ia  v/ere  used, 
period  distributions  slr.ilar  to  those  shown  In  the  flpui's  were 
obtaineu.  In  'other  respects,  however,  the  sinllaritics  to  the  pul¬ 
sations  -were  slirht  or  non-existent.  The  filtered  randor?,  noise 
waveforr.o  had  only  a  superficial  reser.blance  to  those  of  the  pul¬ 
sations.  As  t.'ie  center  period  of  the  filter  passband  v.'as  shifted, 
no  occur:‘';nces  of  superposed  v/avetrains  of  different  periods  were 

obsorveci,  and  none  were  e:>:pected.  In  the  case  of  the  pulsations, 
of 

the  occu;  rcnces/s'uperposition  were  essential  to  the  hypethesis  cf 
a  natura.  band  structure  produced  by  r.apnetosph’.; ri c  resonances 
prior’  to  tne  analysis.  Aiso  foi’  the  randoir.  noiS'S,  tl;e  pericu  dis- 
trltutiois  -were  determined  solely  by  the  filters  an'd  alvray.s  cect.rec, 
near  the  centers  of  the  passbaiids  as  vrould  be  expected.  No  ctrony 
trends  of  clockv/ise  or  counter-clockwise  polarisation  such  as 
those  shov.’n  in  Figure  3  vrere  found  in  the  polarisation  traces 
obtained  from  the  randon  noise.  The  sinple  hypothesis  of  llol.m- 
berp  thus  I’oquires  modification,  probably  in  the  assumption  of 
truly  random,  noise  as  the  soui'co  of  excitation  enerpy. 

Fernando  and  Nr'.r.nanfaro  (ly6t  )  found  two  peaks  at  3^'  a.nd.  Gl 
seconds  in  the  period  distribution  of  the  pulsations  at  Colcr-bo 
(-3°  pesr.arr'.etic  latitude).  The  period  ratio  of  1.58  suprw'uts 
t'n't  th.'  peaks  are  toi’m.s  in  a  reom.ntrlc  p^roprer, s  1  or. .  Tyryv  r.imyit 
also,  o-.’  course,  be  the  second  .and  third  harr.onlcr  of  a  harmonic 
series  '.'jit.a  .a  fur.'.iar.eni.al  pcrloci  of  about  ^90  seconds.  An.  O' 
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covering'  a  wl'ier  period  ranpe  would  be  required  to  ucttle  thio 
point.  '■'ninutcne  (1967)  publinhed  sonoprnns  frcr.  Esk  (-37*^  peo- 
napnecic  latitude)  and  Coupar  .'icuntain  (+5^°)  ahowinp  three  reson¬ 
ances  v.r.oee  periods  had  ratios  o!'  rouphly  1:2:3;  ^he  lonpest 
period  was  ;\bout  5^  seconds.  Th.e  periods  were  not  sufficiently 
v/ell  de:'int?d  to  disti.npuish  betv/een  a  peor.etric  propression  with 
a  corar.cn  ratio  sone’what  less  than  2  or  a  harnonic  series  with  a 
fundar.-.er.tal  period  of  about  50  seconds.  A  fourth  resonance  in 
the  ?c5  period  ranpe  was  inadequately  observed  because  of  instru- 
ir.er.taticn  liritations .  This  casts  doubt  on  the  interpretation  of 
a  .larr-.o'.'. i  c  series  with  a  50  second  fundamental  period.  Averaged 
power  spectr-a  from  i.'ew  Jci-sey  (  +  '^9.5°  pcor.apnotic  latltucie)  re¬ 
ported  by  nerron  (  1967)  and  Lavidsoti  (196  4)  shew  a  prominent  peak 
at  about  20  secoiids.  The  other  peaks  in  the  40  to  500  second 
period  ra.-.-e  are  less  pronounced  and  do  not  appear  to  support 
either  a  peor.etric  or  harmonic  propression.  The  averaplnp  of  the 
data  ovei’  all  24  hours  of  the  day  and  over  a  3-rionth  interval  nay 
have  obscui'cd  some  patterr'.s  that  'would  have  appeared  in  shorter 
tine  intervals. 

ft'uart  ct  al.  (I071)  pro.iuoecl  fower  spectra  of  pulsations 
recorded  at  three  U.K  obsei'vator.-cs  for  70-  and  90-r.lnuto  inter¬ 
vals.  Of  80  reliable  sets  of  spectra,  about  25?  were  Juriped  to  be 
"too  corr.plex  for  interpretation".  Other  spectra  could  be  inter¬ 
preted  in  terms  of  harnonic  scries  v/liose  fundamental  periods  v.’ere 
not  observed.  A  consistent  [lattern  for  all  three  of  the  rather 
clc:',ely  spaced  stations  was  not  observed,  liowever,  and  quite  com¬ 
plicated  a.ssunptlons  v/erc  necessary  for  the  interpretation  of  the 


results.  The  '.I's  indlcnteu  by  spectra  arc  considerably  hlphei 

than  would  be  expected  ac  those  stations  from  th.e  results  of 
ho lir.be rr  (1951)  and  Ctuart  and  Usher  (1566);  other  studies.  In¬ 
cluding-  the  present  one,  alc^  Indicate  lew  Q's  for  the  pulsations. 
The  spectra  are  also  in  dlsar^’ee:  .ent  with  the  two  peaks  observed 
by  ::olr:berr-  (Idol)  at  .''.skuali-^nu:  f ,  one  of  the  stations  used  by 
Stuart  et  al.  (1971). 

Althourh  power  spectrum  anaJ.ysis  has  often  been  applied  to 
the  pulsations,  no  other  observations  of  harmonic  series  of 
resonances  at  middle  latitudes  have  been  reported.  A  rather  ex¬ 
tensive  survey  of  data  from  the  .-Mr  rcrce  Oecnhysics  Laboratory's 
stations  utilised  power  spectrum  analysis  in  an  unsuccessful 
search  for  eyidonce  of  harmonic  series  ( McClay ,  1978,  private 
conumun i c  ation )  . 
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to  be  a  common  fesxture  of  the  pulsation  data. 

Many  other  satellite  observations  of  pulsations  have  beei; 
reported.  The  pulsations  usually  exhibit  low-')  waveforms  com¬ 
parable  to  those  observed  at  tin.'  surface.  The  reports  of  isolated 
events  do  not,  tliorefore,  provide'  any  reliable  infcrr'ation  on  th.e 
nature  cf  possible  resonance  pliencmena.  In  the  fcv;  instances  in 
wr.lc'a  sc r.e'..'i'.at  larpor  d.ata  r>anplt>5  were  us.ed,  the  analyses  did 


not  yield  any  definitive  results. 


An  n:'.u::ual  .•s.l ; -ri- ;  evcn.t;  c-,;:- :;ri  .:e,i  ol'  luiaralcn;,  of  four  dlf'- 
ferenc  '■ericda  oOwCrvo'i  nt  td.e  AT."',-!  natni  litt;  in  s yncn.ronc:.; 

orbit  anr'ln.;'  n  r.arr.otic  f.iintnrbn.nce  on  7  ’'ay  1A67  by  dar:"iold  et 
al.  (l-y’d).  ir  tne  reoor'.ances  were  indeed  nz  oharn  ao  indicated 
by  the  v;avetraino  chov.n,  thin  single  event  v.’onld  provide  pood 
estirr.atee  of'  the  true  rescnrn't  periods,  Fcv.’er  spectral  analysis 
of  a  tir.e  interval  wliicii  ir.cluded  sorr.e  lower-.';  activity  in  addition 
to  the  hirh-'J  v/avetrains  yielded  periods  of  182.9  ,  98.5,  69.0,  and 
91.3  secsr'.ds  which  v;ei'e  assirned  sir.ple  iiarrr.onic  Indice.s  of  1,  2, 

3,  and  h.  T;;e  frcnuency  ratios  of  1 : 1 , 86  :  2  ,  £5  :  9  ,  92  '.■;ould,  hov.-ever, 
provlcie  an  enually  rood  fit  to  four  consecutive  ter.ns  of  a  pco- 
netrlc  ni’c/'ressic.n .  iorlcds  scaled  directly  frcr.  the  three  hlfh-l; 
v.'avftrair.s  s'nown  yielded  frequency  ratios  of  1:1.75:2.39  ,  whic:'. 
pr’ovide  a  very  pood  fit  to  a  p.ec.netric  propression  with  a  ccr.r.on 
ratio  c : '  1.7.  The  departu:-e  fro;n  a  hjar:",o:il  c  serl’.n;  is  net  lar'pe, 
but  the  apparent  hiph  '<}  of  this  event  suppests  that  the  departure 
r.lpht  be  sipnificant. 

IV.  E.  sta:;di:jg  v/ave  cb:e:!VATio:i2 
The  first  conclusive  evidence  for  a  napnetospherie  orlrln  of 
hydro.'na.nhetic  w.'ives  v/as  tJie  observation  of  waves  h.avi:ip  periods 
of  several  r.inutes  v;’nlch  occurred  slir.ultancously  at  con,5urate 
points  ( .1  uni  urn ,  1961).  A  nu:’'.t«or  of  other  observations  of  tije 
sl.-.ul  tanecus  occurrence  of  lonp-perlod  waves  at  ccn.lvirato  polT:t.-, 
have  been  reported  slnc'’.  Many  of  tiie  ob.servations  were  at  hlpii 
latir  unes  so  that  the  field  llr-.es  fron  the  recordinp  stations 
lay  outrlc.e  the  plar;i:;asphere .  In  at  least  one  i;istance,  however, 
a  wave  v.'tth  a  slx-ninutc  pci’led  was  observed  Inside  the  plas.-sa- 


sphere  (rtu:  rt  and  Ear. cerott i  ,  19  82  ). 
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Th  -  con J  ur,:'.tt.'-nolnt  obocnvntlonn  indicate  atr.niiir.r  waves 
(i.e.,  rencnance  nher.crr.ena)  : tr.e  rarrietosphei'c  and  t '.“re  fore 
pose  two  i.’-.pcrtant  til  f  fi  owl  t.' '.-s  for  th-..'  ric- Ivi-line- nesor..- nee  r.ypc- 
taesio.  Kii’st,  many  of  the  cccorvsd  st rind inr-'''ave  terlods  are 
niich  lo:.  "cr  than  those  calculate:!  from  present  ]:ncwledre  of 
plas;:;a  der.sities  i;i  the  r.apn.;’ too np.ere  (cf.,  .3 1 l. .r r t  a: : d  L a n :: e r o 1 1 1 , 
19  8C  ).  Second,  the  f undar.ent al  periods  of  the  harr.onic  series 
provide  definite  lower  Units  for  the  periods  wnich  can  be  account¬ 


ed  for  iv  the  rield-line-re.scnar.ee  h.ypo the.s i s 


nanv  of  tha 


otcorv?  -.  sttndiip^-wave  noricf.s  .are  i-;uc!i  lonre.”  t.han  thC'  fn.-'.da- 
rer.tal  reriods  indicated  hy  the  th.servation3  ,  an  .arhliticnal 
resonance  ice c.aanisn  would  te  rec.;ired  to  acccwt.t  for  the  Icnfer 


periods . 

The  Ion.-  periods  cf  ti.e  standinr,  waves  are  not  incor.patiu le 
with  os  servations  of  c  profressiens  of  reso.'iant 

periods.  .‘.'o  theory  presently  o-tlsts  foi’  the  peon.etrlc  progressions , 
so  no  corr.parioon  is  pcssidle.  Tne  Indic.ations  are  quite  strong, 
however,  tiiat  present  t'lC'ory  requires  nodi  fications ,  In  one  way 
or  a.nrth.er,  to  fit  the  of servati onal  data. 

i 

V.  cdiCL'jcio;;  ! 

i'Jo  final  conclu.nion.n  cor.ee I'.nin,-  the  nature  of  the  tiapnoto- 
spl'.crlc  resonance  neci'.anis;.;;:.  car.  be  reached  until  better  apreo- 
r.er.t  between  the  varicu.s  obsorvc-.tlons  and  between  the  ob se rvat i  o.ns 
and  theory  is  attained. 

At  present,  the  cbs'arvatlor-.al  -.•vidence  at  the  fcosynchrcncus 
satellite  altltudi?,  and  presumably  at  hi  |•'n-latitud';  proun  i  sta¬ 
tions  as  well,  favors  a  hai-^-.cnic  serie.s  'with  a  f uncJamental  period 


39 


of  a::out  IJO  aoconds  ( i  .-ind  McPhgrron,  1902).  However, 
the  results  of  BarfielH  et  al.  (  1972)  are  ar.blruous,  and  stand- 
ir.f-i-wave  observations  indicate  resonance  phoncnena  at  nuch  longer 
periods . 

At  nld-latitudos ,  the  present  observational  evidence  favors 
f:eor.etrlc  pro;:resslons  of  resonant  periods.  The  data  presented 
here,  supported  by  the  earlier  observations  of  the  two  stronp;est 
peahs  of  the  daytir.e  period  distributions,  constitute  convincinr 
evidence.  The  star. dlnp- '••.'cave  observations  are  compatible  with  the 
Cecnetric  prcrressions  but  not  with  harmonic  series  with  compara¬ 
tively  short  fundar.ent.al  periods. . 

Goth  recordin-  and  analysis  techniques  capable  of  revealinp 
any  roscn.an.ce  phenor;ona  presen.t  in  the  pulsations  have  now  been 
avallablj  for  several  years.  A  sicnificant  amount  of  effort  is 
required,  as  is  clear  both  from,  the  nature  of  the  results  to  date 
and  from  tn.e  lack  of  a  larper  quantity  of  useful  results.  Anothe 
essentiae  tool  is  an  open  mind  as  to  v/hat  the  aruelyses  may  reveal 
Additional  analyses  of  observa.tlonal  data  are  needed  in  this  im¬ 
portant  field  of  research.  licv;  that  the  work  under  this  "rant 
has  been  terminated,  ho'wever,  it  seems  unlikely  that  all  of  the 
essential  tools  will  be  brought  to  bear  on  the  problem  in  the 
foreseeable  future. 
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Caption;; 


Fl-ure  la.  Period  Dlotributlons  of  Pulsaticnr;  In  Panda 
thrcurh  A?.  P'P.e  arrows  below  the  plots  designated  as  resonanre 
numbers  i  throu.^h  6  form  a  neor.etric  progression  of  periods  with 
a  comj-.on  ratio  of  1.7.  Tlie  C's  below  the  plots  indicate  the  nomi¬ 
nal  cut-off  rerlcds  of  the  bandpass  filters  used  in  the  analysis. 

Flf'.re  lb.  Period  Distributions  for  Bands  A1  through  A5  with 
an  r’xranled  Orciinate  fcale.  Bands  A‘l  and  A5  and  ai’rows  1  and  2 
are  reoenteu  from  Fifpure  ia.  The  arrows  belov;  Bands  A1  throurh 
A2  indicate  the  r.edlan  periods  for  those  bands;  those  periods  do 
not  form  a  contl n.uatlon  of  the  peonetric  propression  of  Firure  la. 

Flp^re  2.  Section  of  a  Polarisation  Trace  in  the  ilorisontal 
(X-Y)  Plr.ne.  The  cur.ulatlve  azir-.uth  anple  obtained  from  the  fil¬ 
tered  X  .and  Y  waveforms  Is  plotted  apainst  time.  The  durations 
of  four  pc  lari  sat  ion  runs  are  s.bcwn. 

Flfure  3.  Polarisation  Traces  in  the  liorlsontal  Plane  for 
Bands  Al  throurh  AO.  The  stronp  clock'./isc  and  counter-clockv.'ise 
trends  cccurrinr,  durlnp  the  12-hour  interval  are  clearly  displayed 
the  ccm.pressed  time  scale  causes  loss  of  detail.  The  nominal  cut¬ 
off  pei’lods  of  the  bandpass  filters  are  shown. 

Fifure  Derivation  of  0n(?  of  the  Peaks  of  a  Composite 

Period  ristrlbution  from  the  Individual  Distributions  obtained 
froi:*  liarrow,  Overlappirip;  Filter  Passbands.  Data  of  2  May  197b. 

Flfure  '0 .  Composite  Period  Distribution  and  Avorape  Ampli¬ 
tudes  of  Pulsations  t^ecorded  at  Mt.  Clemons,  Mlchlpan,  from  0001 
to  OjOO  d.;T  on  2  May  197c,  fd'  =  To.  Vertical  dotted  lines  form  a 
Ceometrlc  prop.resslon  with  a  comi-.on  ratio  of  1.8*<. 
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